A B S T R A C T

Background
Sickle cell disease is a genetic chronic haemolytic and pro-inflammatory disorder. The clinical manifestations of sickle cell disease result from the presence of mutations on the beta globin genes that generate an abnormal haemoglobin product (called haemoglobin S) within the red blood cell. Sickle cell disease can lead to many complications such as acute chest syndrome, stroke, acute and chronic bone complications (including painful vaso-occlusive crisis, osteomyelitis, osteonecrosis and osteoporosis). With increased catabolism and deficits in energy and nutrient intake, individuals with sickle cell disease suffer multiple macro-and micro-nutritional deficiencies, including vitamin D deficiency. Since vitamin D maintains calcium homeostasis and is essential for bone mineralisation, its deficiency may worsen musculoskeletal health problems encountered in sickle cell disease. Therefore, there is a need to review the effects and the safety of vitamin D supplementation in sickle cell disease.
Objectives
To investigate the hypothesis that vitamin D supplementation increases serum 25-hydroxyvitamin D level in children and adults with sickle cell disease.
To determine the effects of vitamin D supplementation on general health such as growth status and health-related quality of life; on musculoskeletal health including bone mineral density, pain crises, bone fracture and muscle health; on respiratory health which includes lung function tests, acute chest syndrome, acute exacerbation of asthma and respiratory infections; and the safety of vitamin D supplementation in children and adults with sickle cell disease.
Search methods
We searched the Cochrane Haemoglobinopathies Trials Register, compiled from electronic database searches and handsearching of journals and conference abstract books. We also searched database such as PubMed, clinical trial registries and the reference lists of relevant articles and reviews.
Date of last search: 15 December 2016.
Compared to the placebo group, the vitamin D group had significantly higher serum 25-hydroxyvitamin D (25(OH)D) levels at eight weeks, mean difference 29.79 (95% confidence interval 26.63 to 32.95); at 16 weeks, mean difference 12.67 (95% confidence interval 10.43 to 14.90); and at 24 weeks, mean difference 15.52 (95% confidence interval 13.50 to 17.54). We determined the quality of the evidence for this outcome to be moderate. There was no significant difference of adverse events (tingling of lips or hands) between the vitamin D and placebo groups, risk ratio 3.16 (95% confidence interval 0.14 to 72.84), but the quality of the evidence was low.
Regarding the frequency of pain, the vitamin D group had significantly fewer pain days compared to the placebo group, mean difference -10.00 (95% confidence interval -16.47 to -3.53), but again the quality of the evidence was low. Furthermore, the review included physical functioning PedsQL scores which was reported as absolute change from baseline. The vitamin D group had a lower (worse) health-related quality of life score than the placebo group but this was not significant at eight weeks, mean difference -2.02 (95% confidence interval -6.34 to 2.30). However, the difference was significant at both 16 weeks, mean difference -12.56 (95% confidence interval -16.44 to -8.69) and 24 weeks, mean difference -12.59 (95% confidence interval -17.43 to -7.76). We determined the quality of evidence for this outcome to be low.
Authors' conclusions
We included only one low-quality clinical study which had a high risk of bias with regards to incomplete outcome data. Therefore, we consider that the evidence is not of sufficient quality to guide clinical practice. Until further evidence becomes available, clinicians should consider the relevant existing guidelines for vitamin D supplementation (e.g. the Endocrine Society Clinical Practice Guidelines) and dietary reference intakes for calcium and vitamin D (e.g. from the USA Institute of Medicine). Evidence of vitamin D supplementation in sickle cell disease from high quality studies is needed. Well-designed, randomised, placebo-controlled studies of parallel design, are required to determine the effects and the safety of vitamin D supplementation in children and adults with sickle cell disease.
P L A I N L A N G U A G E S U M M A R Y
Vitamin D supplementation for sickle cell disease
Review question
We reviewed the evidence about the effect of giving vitamin D supplements to people with sickle cell disease.
Background
Sickle cell disease is an inherited red blood cell disorder affecting millions of people worldwide. In sickle cell disease, the red blood cells become crescent-shaped and hard so that they block small blood vessels resulting in a lack of oxygen supplied to tissues and organs.
This blockage causes episodes of pain, short-term and long-term organ damage, acute chest syndrome and stroke. Sickle cell disease can also lead to bone complications in both the short and long term. Pain and musculoskeletal complications are the most common reasons for people with sickle cell disease seeking medical treatment; even though they do not greatly contribute to mortality, they remain an important cause of illness in the short and long term.
Vitamin D deficiency is common in people with sickle cell disease regardless of age and season. Since vitamin D regulates calcium levels and supports bone health, its deficiency may worsen musculoskeletal health problems already present in people with sickle cell disease. Therefore we wanted to discover whether giving vitamin D supplements to people with sickle cell disease was better or worse than giving either placebo (substance which contains no medication) or no vitamin D supplements.
Search date
The evidence is current to: 15 December 2016.
Study characteristics
The review included one study which recruited 46 people with sickle cell disease aged between seven and 21 years; of these 39 people in the study were randomly selected to take vitamin D tablets or placebo tablets for six weeks and then followed up for six months.
The study reported results from 37 people.
Key results
People taking a vitamin D supplement had higher levels of vitamin D in their blood when it was measured after eight, 16 and 24 weeks. There were no differences in the number of people reporting side effects, such as tingling in the lips or hands between the vitamin D group and the placebo group. The vitamin D group had fewer days of pain compared to the placebo group. The study also reported on health-related quality of life (physical functioning scores). After eight weeks the vitamin D group had a slightly worse score than the placebo group, but the difference was much greater after 16 and 24 weeks.
Given these results from this small single study with moderate to low quality of the evidence, we do not think the results of our review are of sufficient quality to guide clinical practice. Until further evidence becomes available, clinicians should consider relevant existing guidelines for vitamin D supplementation (e.g. the Endocrine Society Clinical Practice Guidelines), and recommendations for calcium and vitamin D intake (from e.g. the USA Institute of Medicine). High-quality studies looking at the effects of supplementing vitamin D in children and adults with sickle cell disease are needed.
Quality of the evidence
We do not think there are risks of bias in the way people were put into the different groups and we do not think anyone (either the participant or the doctor) could guess which group they were in once the study started. Even though the adverse events were not reported in the original report, the study author provided the information upon request. More people dropped out of the placebo group (68.4%) than the vitamin D group (5%), and two people assigned to vitamin D group but not included in the analysis. We considered there was a high risk of bias in the way the study reported results. The evidence is only applicable to people with sickle cell disease when they are in a steady state, i.e. at least 30 days from blood transfusion and at least 14 days from any acute sickle complication. The quality of evidence for the outcomes ranged from moderate to low. We considered the quality of the evidence for vitamin D blood levels to be moderate, and for adverse events, days of pain and health-related quality of life, the quality of the evidence was low.
S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]
Vitamin D versus placebo for sickle cell disease The m ean f requency of pain in the placebo group was 4.25 days.
The m ean f requency of pain in the intervention groups was 10 less (16. 47 to 3.53 less) than in the placebo group.
NA 37 (1 study)
There was a signif icant dif f erence in the f requency of pain (days) between vitam in D and placebo at 8 weeks Acute chest syndrome Not estim able. Not estim able.
No study assessed this outcom e. There was no signif icant dif f erence in HRQoL score between vitam in D and placebo at 8 weeks * The basis f or the assumed risk (e.g. the m edian control group risk across studies) is provided in f ootnotes. The corresponding risk (and its 95% CI) is based on the assum ed risk in the com parison group and the relative effect of the intervention (and its 95% CI). BM D: bone m ineral density;CI: conf idence interval; DEXA: dual energy X-ray absorptiom etry; HRQOL: health-related quality of lif e; 25(OH)D: 25-hydroxyvitam in D.
Respiratory infections
GRADE Working Group grades of evidence
High quality: f urther research is very unlikely to change our conf idence in the estim ate of ef f ect. M oderate quality: f urther research is likely to have an im portant im pact on our conf idence in the estim ate of ef f ect and m ay change the estim ate.
Low quality: f urther research is very likely to have an im portant im pact on our conf idence in the estim ate of ef f ect and is likely to change the estim ate. Very low quality: we are very uncertain about the estim ate.
1 20 participants were random ised to the vitam in D group and 19 participants were random ised to the placebo group. There was a large proportion of dropouts in the placebo group (13 out of 19 (68.4%)) com pared to the vitam in D group (1 out of 20 (5%)). Two participants who were random ised to the drug have m issing values of baseline serum 25(OH)D. 2 Wide conf idence intervals. 
B A C K G R O U N D
Description of the condition
Sickle cell disease (SCD) is an inherited chronic haemolytic and pro-inflammatory disorder that affects over 100,000 people in the USA and millions around the globe (Ashley-Koch 2000; CDC 2012b; Weatherall DJ). The disease is most commonly found in sub-Saharan Africa as well as in the Mediterranean basin, Saudi Arabia, Central America and India. In some African countries, the prevalence of the sickle gene in the population ranges from less than 1% to as high as 45% (WHO 2010). The clinical manifestations of SCD result from the presence of mutations on the beta globin genes that generate an abnormal haemoglobin product (called haemoglobin S) within the red blood cell (WHO 2010). During periods of hypoxaemia and deoxygenation, a conformational change occurs in the sickle haemoglobin that results in the deformation of red blood cells into a 'sickle' shape. Downstream effects of this include increased vascular adhesivity that leads to vaso-occlusion and exaggerated haemolysis, which in turn leads to a chronic anaemia. There are several genotypic variants that comprise the range of disorders referred to as SCD. The most common and perhaps most clinically severe form, is sickle cell anaemia (homozygous SS disease), which results from the inheritance of two abnormal sickle S genes. The co-inheritance of two different abnormal beta globin genes (one being the sickle S gene) results in the various subtypes of SCD. Common subtypes of SCD include haemoglobin SC disease (co-inheritance of one sickle S gene and an abnormal haemoglobin (C) gene) (CDC 2012a) and haemoglobin Sβ+/0 thalassaemia (co-inheritance of the sickle S genes (S) with an abnormal beta thalassemia gene) (Rees 2010). Pain and musculoskeletal complications are the most common reason for healthcare utilisation among people with SCD and remains an important cause of acute and chronic morbidity (Almeida 2005). Acute bone complications such as painful vaso-occlusive crises, osteomyelitis, stress fractures, orbital compression syndrome, vertebral collapse and bone marrow necrosis are common in people with SCD. Chronic bone complications such as osteonecrosis, chronic degenerative arthritis, osteoporosis, compression spine deformities, dental gnathopathy and impaired growth are also common (Almeida 2005). Individuals with SCD suffer acute and chronic end-organ damage secondary to recurrent episodes of vaso-occlusion and chronic ongoing haemolysis. Acute complications not related to bones include strokes, splenic and hepatic sequestration, acute chest syndrome, priapism and aplastic crisis. Chronic end-organ damage in SCD may present as sickle nephropathy, retinopathy, leg ulcers, pulmonary hypertension and chronic endocrinopathies (Kato 2007). In addition, people with SCD are at greater risk of bacterial infection (Ramakrishnan 2010) which contributes to early mortality (Platt 1994). Individuals with SCD suffer global deficits in energy and nutrients intake (Hyacinth 2010; Kawchak 2007), with increased catabolism that ultimately causes multiple macro-and micro-nutritional deficiencies (Hyacinth 2010). Among the micronutrient deficiencies, vitamin D deficiency has been found to be common in people with SCD, regardless of age and season (Rovner 2008). The prevalence of vitamin D deficiency among individuals with SCD ranges from 33% to 100% (Adewoye 2008; Buison 2004; Goodman 2010; Gorrido 2012; Jackson 2012; Rovner 2008). Since vitamin D regulates the absorption and excretion of calcium and is essential for bone mineralisation (AFMC 2009), its deficiency in people with SCD may contribute to the myriad of musculoskeletal health problems encountered. These include muscle weakness, chronic debilitating bone pain, avascular necrosis, bone fragility and compression fractures (Osunkwo 2011a), which in turn can lead to functional impairment in mobility and interfere in education, employment and psychosocial development (Swanson 2011). 
Description of the intervention
Life-stage group (both sexes) IOM
Committee recommendations for people at risk for vitamin D deficiency
How the intervention might work
The role of vitamin D in calcium homeostasis and bone health has been recognised for many years ( 
Why it is important to do this review
O B J E C T I V E S
To investigate the hypothesis that vitamin D supplementation increases serum 25-hydroxyvitamin D level in children and adults with SCD.
To determine the effects of vitamin D supplementation on general health (e.g. growth status and health-related quality of life (HRQoL)), on musculoskeletal health (BMD, pain crises, bone fracture and muscle health) and on respiratory health (lung function tests, acute chest syndrome, acute exacerbation of asthma and respiratory infections); and to determine the safety of vitamin D supplementation in children and adults with SCD.
Criteria for considering studies for this review
Types of studies
Randomised controlled trials (RCTs) and quasi-RCTs (controlled clinical trials).
Types of participants
People with SCD, of all ages, gender, and phenotypes including sickle cell anaemia (HbSS), haemoglobin SC disease (HbSC) and Sβ-thalassaemia (HbSβ+ and HbSβ0) diseases.
Types of interventions
Oral administration of any form of vitamin D supplementation at any dose and for any duration. A comparison of one type of vitamin D versus another type or versus either placebo or no supplementation. 
Types of outcome measures
Searching other resources
We checked the reference lists of retrieved relevant articles for additional trials. We also contacted the corresponding author of relevant trials for details of any additional trials.
Data collection and analysis
Selection of studies
Two authors (HHKS, NNT) independently assessed the titles and abstracts of all articles identified from the literature searches to identify potentially relevant reports. We were not blinded to information about articles such as the journal of publication, author names, institution, or the study results. We also retrieved and reviewed the full-text articles for eligibility in accordance with the specified criteria for the inclusion of studies. There was no disagreement regarding the eligibility of the studies. However, if there are any disagreements in the future, we will resolve these by discussion, and if necessary, we will consult a third review author (ALA). All irrelevant studies were excluded and we presented these with reasons for exclusion in the Characteristics of excluded studies table.
Data extraction and management
Two authors (HHKS, JS) independently extracted the data from included studies using a standard data collection form and check for consistency. We contacted the author of included study in an effort to obtain further details. There were no disagreements, however, if there is any discrepancy in a future update, we aim to resolve this by discussion and if required, we will consult with a third review author (ALA) to reach a consensus. We collated information from multiple reports of the included study. We intended to group the outcome data into those measured at one month, over one month and up to three months, over three months and up to six months, over six months and up to one year and annually thereafter. We also planned to record the outcomes which were measured at other time periods.
Assessment of risk of bias in included studies
Two authors (HHKS and JS) independently assessed the risk of bias of the single included trial using a method described in the Cochrane Handbook of Systematic Reviews of Interventions (Higgins 2011). We assessed the risk of bias in seven domains (sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective outcome reporting, and other potential sources of bias). In each domain, we assigned a judgment of either low, high or unclear risk of bias, according to the criteria described in the Cochrane Handbook of Systematic Reviews of Interventions (Higgins 2011). We resolved any discrepancies by discussion. If we are not able to reach a consensus by discussion in future, we will consult a third review author (ALA). We reported these assessments in the risk of bias table for the included study (Characteristics of included studies).
Measures of treatment effect
Dichotomous data
We assessed dichotomous data such as adverse events (tingling of hands or lips) using the risk ratio (RR) with 95% confidence intervals (CI).
Continuous data
We analysed continuous data such as serum 25-hydroxyvitamin D (25(OH)D) level, frequency of pain and HRQOL using he mean difference (MD) and the corresponding 95% CIs. In future, if different scales are used for measuring same outcome, we will use standardised mean difference (SMD) and corresponding 95% CIs.
Count data
For counts of rare events, we intended to present the results using the rate ratio (RR) with 95% CIs. For counts of common events, we intended to present the results using mean difference (MD) comparing the difference in the mean number of events occurred in participants of intervention group with participants in control group and their corresponding 95% CIs.
Unit of analysis issues
If we identify any cluster-randomised studies, and if there is little heterogeneity between them, we will combine the results from both individually randomised studies and cluster-randomised studies. If possible, we will also perform a sensitivity analysis to investigate the effects of the randomisation unit (see below). If the authors of the cluster-randomised studies ignored the clustering in their analyses, we will calculate the studies' effective sample sizes using an estimate of the intracluster correlation coefficient (ICC). We will derive the ICC from a study (if available) or from similar studies, and we will calculate the design effect using the formula given in the Cochrane Handbook of Systematic Reviews of Interventions (Higgins 2011). If we use the ICC from other similar studies, we will perform a sensitivity analysis to investigate the effect of variations in the ICC. For any cross-over studies identified in the searches, if we believe there is a carryover effect which will outlast any washout period included in the study or where second period data are unavailable, we will include only data from the first arm in the meta-analysis.
If we identify studies with more than two intervention groups, we will combine the groups to create a single pair-wise comparison.
Dealing with missing data
We investigated the attrition rate including dropouts, withdrawals and losses to follow up in the included study. We contacted the principal investigator of included study for the data which are unclear or missing with no reported reason for dropouts.
In future, if we identify studies published only in abstract form, or presented at meetings or conferences, we will contact the study authors for further details or data as needed. We will investigate the attrition rate including dropouts, withdrawals and losses to follow up in the included studies. If the data are unclear or missing with no reported reason for dropouts, we will contact the study authors to request further information. In order to allow an intention-totreat analysis, we will collect the data by allocated treatment groups (regardless of compliance or whether enrolled participants were later found to be ineligible or excluded from treatment group).
Assessment of heterogeneity
We were able to include only one study, therefore we did not assess heterogeneity. In future updates of this review if we are able to include and combine data from more studies, we will visually assess the forest plots to determine whether there is heterogeneity.
The Chi² test will be used and a P value of less than 0.10 will be considered to demonstrate statistically significant heterogeneity. We will also use the I² statistic to quantify the inconsistency across the studies. We will categorise the I² value of 0% to 40% as not important heterogeneity, 30% to 60% as moderate heterogeneity, 50% to 90% as substantial heterogeneity and 75% to 100% as considerable heterogeneity (Deeks 2011).
Assessment of reporting biases
We compared the 'Methods' section with the 'Results' section of study report to assess whether the trial authors reported all the outcomes which were stated as being measured. We were not able to use funnel plots to assess publication bias in this review. In future update of this review, if we include 10 or more studies in a meta-analysis, we will use funnel plots to assess publication bias. If there is asymmetry, we will investigate the possible causes of this, such as publication bias, true heterogeneity and a high risk of bias.
Data synthesis
We did not perform a formal meta-analyses because we included only one study, but we have presented results from this study in the Data and analyses section. In future if we include more studies and if there is no clinical variation (e.g. variability of interventions, participants and diverse outcomes) between the studies, we will pool the results and perform meta-analyses using RevMan (RevMan 2014). If the studies are sufficiently similar in intervention, participants and outcomes reported, and if there is no significant heterogeneity (I² < 50%), we will use a fixed-effect model. If there is substantial or considerable heterogeneity identified (I² > 50%), we will use a random-effects model. If there is considerable heterogeneity, we will check the data entry for accuracy and also investigate the cause of the heterogeneity according to the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2011).
Subgroup analysis and investigation of heterogeneity
In future updates, if we identify substantial or considerable heterogeneity in the results for the primary outcomes, we will perform the following subgroup analyses: 1. different forms of vitamin D supplementation (vitamin D versus D ); 2. different durations of vitamin D supplementation (less than six months versus six months or greater);
3. different doses of vitamin D supplementation (up to and including 400 IU versus more than 400 IU daily); 4. different types of SCD (HbSS, HbSC, HbSβ+ and HbSβ0).
Sensitivity analysis
We did not carry out sensitivity analysis in this review to determine the robustness of the findings. In future updates of this review, if there are a sufficient number of studies included and combined (10 or more), we will perform an additional analysis excluding those studies with a high risk of bias for allocation concealment or incomplete outcome data, or both. We will repeat the metaanalyses using both the fixed-effect and the random-effects models to assess how the findings are robust to this choice of method. We will also repeat the analyses if we include any cluster-randomised studies to investigate the effects of the randomisation unit. We will perform a further sensitivity analysis if we use the ICC from other similar trials to calculate the studies' effective sample sizes in cluster-randomised studies. We will produce summary tables reporting on any sensitivity analyses undertaken.
Summary of findings table
We used a GRADEprofiler software (GRADEpro 2015) to prepare a 'Summary of findings' table (Summary of findings for the main comparison). We assessed the quality of evidence for the outcomes of the included study by using the GRADE approach. In the 'Summary of findings' table, we present the primary outcomes serum 25-hydroxyvitamin D (25(OH)D) level, total body BMD and adverse events; we also present the secondary outcomes pain, acute chest syndrome, respiratory infections and HRQoL. We considered the risk of bias (methodological quality), the indirectness of evidence, the inconsistency and imprecision of effect estimates and the risk of publication bias to assess the quality of the body of evidence for each of the included outcomes. The quality of evidence was specified to four levels such as high, moderate, low and very low.
R E S U L T S
Description of studies
Results of the search
We identified 18 records, four of which were identified through the search of the Cystic Fibrosis and Genetic Disorders Group's Haemoglobinopathies Trials Register, five were identified through a search of the PubMed database and nine records were identified through searching online trials registries. After removing duplicates, we screened 14 records and we excluded five records. When we assessed nine references to six studies for eligibility, we included one study (four references) (Osunkwo 2012) and excluded five studies (ACTRN12612000560897; Adewoye 2008; Dougherty 2015; NCT01276587; NCT01443728). Please refer to the study flow diagram which illustrates the selection process (Figure 1) .
Figure 1. Study flow diagram.
Included studies
One study was included in this review (Osunkwo 2012).
Study design
The included study was double-blind RCT conducted in the USA. It was a pilot study aimed at evaluating the safety and efficacy of high-dose vitamin D in reducing chronic pain in children with SCD. The duration of the treatment was six weeks with six months of follow up. This study was approved by Emory Universiy Institutional Review Board and written informed consent was obtained before the study procedures.
Participants
The RCT enrolled 46 people with SCD (HbSS, HbSC, HbSβ+thal and HbSβ0thal) during a steady state, i.e. 30 days or more since blood transfusion and 14 days or more from any acute sickle complication. Pariticpants were aged between seven and 21 years and the mean age was 13.2 years. The study's exclusion criteria are listed in the tables (Characteristics of included studies). Out of the 46 people with SCD who were enrolled, seven participants withdrew before randomisation -details are provided in the tables (Characteristics of included studies); therefore 39 participants were randomised, but only 25 participants completed the full six months of follow up. There were 20 participants randomised to the vitamin D group and 19 participants randomised to placebo group. In the case of two participants who were randomised to the active drug, the baseline values for serum 25-hydroxyvitamin D are missing so the number of samples analysed was only 37. The vitamin D and placebo groups had similar baseline characteristics including age, gender, genotypes, laboratory indices (25-hydroxyvitamin D, calcium and alkaline phosphatase) and complications, such as number of emergency department visits for pain and number of hospitalised days with pain in the preceding 12 months.
Intervention
Participants were stratified by chronic pain status and randomised to receive either oral vitamin D (cholecalciferol) dosed according to weight (240,000 to 600,000 international units (IU)) or placebo for a duration of six weeks. Participants were also given an oral daily supplement containing 500 mg calcium and 200 IU vitamin D for six months to ensure no participants developed severe vitamin D deficiency during the study period.
Outcomes
Outcomes included serum 25-hydroxyvitamin D, HRQOL which was measured using Pediatric Quality of Life Inventory (Ped-sQL™), pain diaries and the number of pain days. Adverse events, including hypocalcaemia, were also reported. Further details of the outcomes of included study are provided in the tables (Characteristics of included studies).
Excluded studies
We excluded five studies from this review. Three of these were not RCTs (ACTRN12612000560897; Adewoye 2008; NCT01276587). The remaining two studies compared different doses of vitamin D only and did not compare vitamin D with placebo or no supplementation (Dougherty 2015; NCT01443728).
Risk of bias in included studies
One study was eligible for inclusion in this review (Osunkwo 2012). The risks of bias of the included study are summarised in Figure 2 . We judged as the included study overall as having a high risk of bias.
Figure 2. Risk of bias summary: review authors' judgements about each risk of bias item for each included
study.
Allocation
The included study was described as randomised and reported that "the participants were stratified according to chronic pain status and randomised to either vitamin D or placebo" (Osunkwo 2012). Randomisation and allocation concealment were not explicitly described in the study report. The lead investigator has confirmed that the randomisation sequence was computer-generated using a block randomisation method. Regarding the prevention of allocation being foreseen in advance of, or during, enrolment, the investigators used white opaque envelopes which were kept at the investigator pharmacy. Once randomised, a clinical research associate (CRA) was given the participant's allocation. We therefore judge these domains to have a low risk of bias.
Blinding
The included study was described as being double blind and vitamin D or placebo was dosed by weight and given weekly using a modified Stoss therapy regimen (Osunkwo 2012). From correspondence, all clinicians, CRAs, participants (and their parents or carers) were blinded. Therefore, we judged the study to have a low risk of bias for this domain.
Incomplete outcome data
The study reported that 46 people with SCD were enrolled; however, seven participants withdrew before randomisation for the following reasons: inconvenience (n = 2); inability to swallow pills (n = 1); relocation (n = 3); medical exclusion (n = 1). A total of 39 participants were randomised, but only 25 participants completed the full six months of follow up. Reasons for the 14 withdrawals were provided by the investigators upon request. The dropout in placebo group was high, 13 out of 19 (68.4%), compared to one out of 20 (5%) in the vitamin D group. In the placebo group, the reasons included: inability to swallow pills and exited week 0 (n = 1); did not like calcium chew and revoked consent at week 16 (n = 1); lost to follow up week 16 (n = 6); moved out of state (n = 4); and revoked consent (n = 1). In the vitamin D group, one participant exited the study early at week 20 after a decision made by the principal investigator. Upon correspondence, the lead investigator confirmed that "2 patients were randomized to drug but have missing values of serum 25-hydroxyvitamin D for their week 0 so the number of samples analysed was 37. Due to the longitudinal nature of the data and presence of missing values, repeated measures analyses were conducted using the MIXED procedure". Due to large proportion of dropouts in the placebo group compared to the vitamin D group, we judged the study to have a high risk of bias in this domain.
Selective reporting
Even though the study protocol was not available, the review authors compared the methods section with the results section of the main publication for the included study. Adverse event data were not presented in the published report; however, these were provided by the lead investigator upon request. From correspondence, muscle strength was evaluated at baseline, but there were too many cases of missing data at follow up to include these results. We judged the study had a low risk of bias in this domain.
Other potential sources of bias
We do not have sufficient information to assess if any other potential sources of bias exist for the included study; therefore, the judgement for this domain is unclear.
Effects of interventions
See: Summary of findings for the main comparison Vitamin D versus placebo for sickle cell disease We identified one study which met our inclusion criteria and investigated the effect of vitamin D supplementation in people with SCD (n = 37) (Osunkwo 2012).
Primary outcomes 1. Serum 25(OH)D level
The data for serum 25(OH)D level was provided by study author upon request. This outcome was assessed as absolute change from baseline (subtracting baseline measurement from final measurement) in the included study (Osunkwo 2012 (Figure 3 ). The quality of evidence for this outcome was moderate (Summary of findings for the main comparison). 
BMD
This outcome was not reported in the included study (Osunkwo 2012).
Adverse events
Adverse events (tingling of lips or hands) was reported in the included study (Osunkwo 2012) and this outcome was provided by study author upon request. There was no significant difference in reported adverse events between the vitamin D group and the placebo group, RR 3.16 (95% CI 0.14 to 72.84) (Analysis 1.2) ( Figure 4 ). The quality of evidence for this outcome was low (Summary of findings for the main comparison). 
Secondary outcome 1. Serum parathyroid hormone level
Bone fracture
Muscle health
Pain
The study author provided this outcome upon request. A 30-day pain diary was administered after informed consent to measure baseline pain status and was used to calculate the mean (SD) number of pain days for each group in that period. The included study assessed the change in the mean number of pain days between the first 30-day diary period and the second diary period (60 days) at eight weeks (Osunkwo 2012). There was a significant difference in the frequency of pain between the vitamin D and placebo groups; the vitamin D group had 10 fewer pain days than placebo group, MD -10.00 (95% CI -16.47 to -3.53) (Analysis 1.3 ). The quality of the evidence for this outcome to be low (Summary of findings for the main comparison). The study author did not provide the data of this outcome for 16 and 24 weeks though it was reported in trial report. The study author stated in the trial report that "there was a distinct trend towards fewer pain days between visits over the first 16 weeks of the study in the vitamin D group.
Although this change did not reach statistical significance due to the small sample size, it is in contrast to the sporadic fluctuation in the number of pain days seen in the placebo group over the same time period".
Growth status
Respiratory outcomes
Respiratory outcomes were not reported in the included study (Osunkwo 2012).
HRQoL
The included study measured HRQoL using the Pediatric Quality of LIfe Inventory (PedsQL™) (Osunkwo 2012). The original report states that "Two-way analysis of variance models compared PedsQL scores between treatment groups over time" and upon correspondence, the study author provided that data were analysed as a three-way interaction between 25OHD, pain and quality of life over time. The original report states "there were no significant differences in mean PedsQL component scores between treatment groups over time for any other subscale measured". Upon request, the study author provided physical functioning PedsQL scores as absolute change from baseline (subtracting baseline measurement from final measurement) where a higher score indicates a better HRQoL. In this review, we calculated the difference in means as summary statistics using the inverse-variance fixed-effect method and present data at eight, 16 and 24 weeks (Analysis 1.4). At eight weeks, there was no significant difference in score between the vitamin D and placebo groups, MD -2.02 (95% CI -6.34 to 2.30) (Analysis 1.4) and we judged the quality of the evidence to be low (Summary of findings for the main comparison). However, there were significant differences in HRQoL score between the groups at 16 weeks and 24 weeks. At 16 weeks, the vitamin D group had a score 12.56 points lower, MD -12.56 (95% CI -16.44 to -8.69) and at 24 weeks, the vitamin D group had a score 12.59 points lower, MD -12.59 (95% CI -17.43 to -7.76) compared to placebo group (Analysis 1.4), but we judged the quality of evidence to be low.
D I S C U S S I O N
Summary of main results
Only one randomised controlled trial (RCT) met our pre-defined inclusion criteria for this review (Osunkwo 2012). Regarding primary outcomes, the included RCT reported a significant difference in serum 25-hydroxyvitamin D (25(OH)D) level between groups given vitamin D or placebo. Vitamin D group had higher serum 25-hydroxyvitamin D (25(OH)D) levels compared to placebo.
The study also reported the adverse events of tingling in the hands or lips, but there was no significant difference between vitamin D and placebo groups. For secondary outcomes, frequency of pain was reported as the absolute change from baseline; and the vitamin D group had significantly fewer pain of 3.53 to 16.47 days compared to the placebo group. Finally, the study reported that the vitamin D group had a lower health-related quality of life (HRQOL) score compared to placebo over the whole duration of the study; this result was not significant at eight weeks but did reach significance at 16 and 24 weeks.
Overall completeness and applicability of evidence
This review analyses the available evidence for vitamin D supplementation in sickle cell disease (SCD). The evidence is applicable only to people with SCD during a steady state, i.e. at least 30 days from blood transfusion and at least 14 days from any acute sickle complication. The evidence is limited and moderate to low quality as only one study was included and it was potentially prone to biases. The scarcity of data with regards to vitamin D supplementation in people with SCD was evident as there were a limited number of studies identified in the searches. The included study evaluated two of the primary outcomes of this review -serum 25(OH)D level and adverse events, and only a few of the review's secondary outcomes such as frequency of pain and HRQOL were reported. Many of our secondary outcomes were not evaluated in the included study.
Quality of the evidence
We evaluated the quality of evidence for the review's outcomes with GRADE methodology (Summary of findings for the main comparison). The quality of evidence for the outcomes of this review ranged from moderate to low. The included study had a high risk of bias with regards to incomplete outcome data (attrition bias) (see Risk of bias in included studies). We took into consideration that the dropout in placebo group was (68.4%) was higher compared to the vitamin D group (5%), and not every participant randomised to either group (vitamin D or placebo) was included in the analysis. We considered that indirectness and inconsistency were unlikely but the included study had a serious risk of bias. We determined that the quality of evidence for levels of serum 25(OH)D level was moderate. Furthermore, imprecision resulted in low quality evidence for frequency of pain, HRQOL and adverse events.
Potential biases in the review process
We undertook a comprehensive search, which included searching clinical trial registries, databases and the abstract books of conferences. Therefore, all relevant studies were likely to be identified. In this review, two review authors independently assessed the studies for eligibility, independently extracted the data from the included study using a standard data collection form and checked for consistency. The risk of bias in the included study was also assessed independently by two review authors. When there were discrepancies, they were resolved by discussion until authors reached a consensus. Therefore, any potential biases in the review process have been minimised. We did not estimate the values of outcome results based on figures in published articles and we requested the exact values of outcome data from the lead investigator of the study. The lead investigator also provided additional information with regards to randomisation, allocation concealment, blinding and reasons for dropout.
Agreements and disagreements with other studies or reviews
We are unaware of any similar reviews on this topic. There are only a few studies demonstrating the effect of vitamin D in SCD and these studies are of low methodological quality. A case study of one individual with SCD showed that treatment with highdose vitamin D (cholecalciferol) was associated with increased serum 25(OH)D levels, complete resolution of pain and increased BMD (Osunkwo 2011b). A retrospective study supported treatment with either high-dose oral vitamin D (cholecalciferol) for four days or single high-dose intramuscular vitamin D (ergocalciferol) to increase serum 25(OH)D to normal levels in people with SCD (SCA, HbSS) (Wykes 2014). A non-randomised study demonstrated that serum 25(OH)D level was normalised and BMD significantly improved with vitamin D (ergocalciferol) and calcium supplementation for 12 months in adults with SCD (Adewoye 2008). Evidence from high quality studies is needed to confirm these effects.
A U T H O R S ' C O N C L U S I O N S
Implications for practice
At present, there is only one low-quality clinical study demonstrating the effect of vitamin D supplementation in people with SCD. We do not consider the evidence to be of sufficient quality to guide clinical practice. Therefore, until further evidence becomes available, the relevant existing guidelines for vitamin D supplementation should be considered by clinicians (e.g. the Endocrine Society Clinical Practice Guidelines (Holick 2011), and the USA Institute of Medicine (IOM) (Ross 2011)).
Implications for research
People with SCD are prone to vitamin D deficiency; therefore, evidence of vitamin D supplementation in this population from good quality RCTs is needed. 
A C K N O W L E D G E M E N T S
C H A R A C T E R I S T I C S O F S T U D I E S
Characteristics of included studies [ordered by study ID]
Osunkwo 2012
Methods
Study design: parallel RCT (stratified by chronic pain status at randomisation) Study duration: 6 weeks treatment; follow up to 6 months.
Participants 46 participants enrolled, with SCD during steady state i.e. ≥ 30 days from blood transfusion, ≥ 14 days from any acute sickle complication Exclusion criteria included chronic transfusion therapy, serum creatinine > 132 µmol/l, alanine transaminase > 3x upper limit of normal, malabsorption, serum calcium < 2.0 or > 2.75 mmol/l, prior treatment for vitamin D deficiency, oral steroids, thiazide diuretics, depot medroxyprogesterone acetate, phenobarbital or phosphenytoin Among 46 enrolled participants, 7 participants were not randomised (withdrew consent (n = 2), loss to follow up (n = 4), not eligible due to depot provera use (n = 1)). 25 participants completed the full 6 months of follow up Total cohort (n = 46) Age: mean (SD) age 13·2 (3·1) years, range 7 -21 years. Gender: 19 males, 27 females. Genotype: SS n = 29; Sβ0-thal n = 2; Sβ+-thal n = 10; SC n = 5 20 participants were randomised to the vitamin D group and 19 participants were randomised to the placebo group. 2 participants were randomised to the drug but have missing values of baseline serum 25(OH)D so the number of samples analysed was 37 Vitamin D group (n = 20) Age: mean (SD) age 12.9 (0.6) years, range 7 -21 years. Gender: 9 males, 11 females. Genotype: SS n = 12; Sβ0-thal n = 1; Sβ+-thal n = 4; SC n = 3
Placebo group (n = 19)
Age: mean (SD) age 13.2 (0.8) years, range 7 -21 years. Gender: 7 males, 12 females. Genotype: SS n = 12; Sβ0-thal n = 1; Sβ+-thal n = 5; SC n = 1 Low risk Quote (from report): "Subjects were stratified by chronic pain status at randomization to receive either high-dose vitamin D or placebo, dosed according to weight and given over 6 weeks" Quote (from correspondence): "Computer-generated using block randomization method"
Allocation concealment (selection bias) Low risk Quote (from correspondence): "Allocation was in a white envelope (opaque) and kept at investigator pharmacy; once randomized, CRA was given patient's allocation."
Blinding of participants and personnel (performance bias) All outcomes Low risk Quote (from report): "Randomized double blind pilot study". "Vitamin D/placebo was dosed by weight and given weekly using a modified Stoss therapy regime" Quote (from correspondence): "All clinicians, CRA, patients and parents were blinded"
Blinding of outcome assessors (detection bias) All outcomes Low risk Quote (from correspondence): "All clinicians, CRA, patients and parents were blinded"
Incomplete outcome data (attrition bias) All outcomes
High risk Quote (from report): "Forty-six SCD subjects were enrolled during steady state". "7 withdrew before randomization; thirtynine randomized subjects were evaluable". "Twenty-five subjects completed the full six months of follow-up" Quote (from correspondence): "2 patients were randomized to drug but have missing values of serum 25-hydroxyvitamin D for their week 0 so the number of samples analyzed was 37. Due to the longitudinal (Continued) NCT01276587 Not a RCT.
NCT01443728
Two doses of vitamin D are compared. Did not compare different types of vitamin D nor compare with placebo or no supplementation RCT: randomised controlled trial 
D A T A A N D A N A L Y S E S
